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PART  I. 
INTP,  DDUOTOI~Y. 
In attempting to trace the history ot the growth of knowledge regard- 
ing  wounds  of  the  heart,  the  investigator  is  soon  impressed  by  the 
infrequency with which this subject is mentioned by older writers.  In 
the  works  of  Hippocrates  and  Celsus  we  find  occasional  mention  of 
wounds  of  the  heart,  always,  however,  accompanied  by  the  statement 
that  such  wounds  are  followed by immediate death.  Paul  of ,~Egina, 
Roland,  Lanfranc  give  short  descriptions  of  the  symptomatology of 
cardiac wounds,  and  all agree that death results at once.  Toward the 
close  of  the  fifteenth century  this  opinion  was  still  prevalent.  The 
beginning of the sixteenth century, however,  saw the dawn of a new era. 
Foreign  bodies,  most  often  bullets  and  arrow-points,  had  been  found 
healed in the hearts  of living animals.  Reports were  published which 
claimed that deer,  wild boar,  and other animals of the chase  had, a~ter 
receiving a wound of the heart, continued to run for minutes and even 
for hours.  Soldiers  who had been wounded in the heart were  reported 
to have continued to fight in the excitement of battle for some minutes 
before death had overtaken them. 
At about  this period,  Ambroise  Par~  published  a  report  of the  now 
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celebrated  case  of the  Turin  gentleman, who,  although  wounded  in the 
heart during a  duel, was able to pursue his antagonist  700 feet before he 
dropped  to  the  ground  and  died.  The  learned  societies  of  those  days 
discussed this case with eagerness and commented on the rapidity of onset 
of the  fatal  symptoms after wounds  of the  heart.  As  evidence  of  this 
one finds occasional short papers on the subject in the medical literature 
of  the  seventeenth  and  eighteenth  centuries.  The  writers  of  these 
papers advanced no new theories or new facts, and hence  attracted little 
attention.  They  regarded  these  cases  of  delayed  death  after  cardiac 
injury  either  as  apocryphal  or  as  mere  curiosities  of  medical  liter- 
ature.  It  was  only  in  the  beginning  of  the  nineteenth  century  that 
observers  evinced  a  keener  interest  in  the  subject,  as  is  shown  by the 
more  comprehensive  investigations  of  Jamain,  Sannetti,  and  others, 
published at this  period,  and it remained for G. Fischer to lay the foun- 
dation  for  all  future  work  on  this  subject  by  the  publication  of  his 
exhaustive and critical study of 452 cases of wounds of the heart in man, 
collected from medical literature. 
The main results  arrived at by Fischer *  may be summarized in brief 
in  the following:  Seven to ten per  cent  of all wounds  of the heart heal 
and the patients recover.  In the cases with a fatal outcome, death some- 
times  occurs  simultaneously with the  infliction  of the  injury,  more fre- 
quently,  however,  it  is  delayed  a  few  moments,  or  less  often  for hours 
or  days.  Wounds  of the  ventricles  occur  with  much  greater  frequency 
than  do  those  of the  auricles.  Wounds  of the right  ventricle  are  more 
frequent  than those of the left (in the ratio of 27 to 22), because in man 
the  right  ventricle forms the  greater part of the anteri~r  surface  of the 
heart,  while  the  left  ventricle  is  brought  forward  only  during  each 
systole.  On the  other hand, the death rate after wounds of the  auricles 
is higher  than after those of the ventricles, and in this respect the right 
auricle predominates over the left. 
Loison ~  has  recently  published  a  paper,  based  upon  the  reports  of 
277  cases  of wounds  of the  heart  in man,  which  he has collected  from 
the  medical  literah~re  of  the  last  thirty  years.  Most  of  Loison's  con- 
clusions  agree  with  those  of Fischer.  In  39.7  per  cent  of  the  patients 
the right, and in 33.3  per cent the left ventricle was injured.  The mor- 
tality after wounds of the right was much greater than that after wounds 
of the  left ventricle.  In  a  large  proportion  of the  cases, the  fatal  out- 
come was hastened  by the  over distension  of the  pericardial  sac by the 
* G. Fischer, Langenbeck's Archiv, 1867. ix, 571. 
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blood.  Loison declares that  the  mortality rate varies considerably with 
the situation,  the  size  and  the  character  of the  wound.  In  general,  85 
per cent of all cardiac wounds prove fatal. 
It may be said that  the  gravity of the  case  depends  upon the  size  of 
the wound  and its location.  This does not mean, however, that wounds 
of  small  size,  i.  e.  punctured  wounds,  bullet-wounds,  are  not  attended 
with  great  danger.  Indeed,  in  many  cases  these  have  been  shown  to 
cause  death sooner than larger wounds.  There  are a  number of factors 
to be considered which will be referred to later on, but the general state- 
ment--the  larger the  wound  of the  heart  muscle,  the  more  serious  the 
prognosis--will be found to be applicable to most of/the cases. 
Does death ever occur at the same moment that the heart is wounded? 
Undoubted  cases of this kind have been reported where the  whole heart 
was  torn  off from the great vessels at  its base.  If the  injury  be not so 
severe as this, however, have we sufficient evidence to warrant the belief 
that  the heart may stop beating  at the  same moment it is injured?  In 
former times such cases were believed to be of very frequent occurrence. 
Even  Fischer thought  he had found reports of several undoubted  cases. 
After  having  made  a  careful study  of the  cases  collected by Fischer,  I 
have  become  convinced  that  we  must  exclude  most  of  them  from this 
category, because in the main the reports contain few details  and hence 
are untrustworthy.  In only one case, that of the famous soldier L'Atour 
D'Auvergne,*  is the  report  Of the injury  and  death  so  clearly told that 
there  can  be  no  doubt  of  the  simultaneous  occurrence  of  the  cardiac 
wound  and the soldier's death. 
The  older  writers,  as  was  stated  above,  believed  that  death  followed 
quickly after wounds of the heart.  They explained this on the assump- 
tion of an influence of some kind,  reflex or otherwise, upon the nerves or 
nervous centres of the heart.  At tl~e same time, however, they disagreed 
about the source and character of this innervation, and their successors of 
to-day have a  similar contention.  At  one time the belief was prevalent 
that  the  stimuli  for the  contraction  of the  heart  passed to  the  cardiac 
muscle  through  the  sympathetic  ganglia.  These  ganglia  are  very 
numerous in the septum between the two auricles.  The experiments on 
rabbits  and  dogs  by Kronecker and  Schmey t  showed  that  there  was  a 
spot in the septum between the ventricles of these animals where puncture 
with  a  fine  needle  was  followed  by  immediate  stoppage  of  the  heart. 
They inferred that this was due to some injury to the large nerve-ganglia 
* See  Fischer, loc.  cir.  Case 72. 
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in  this  region  and  named  this  spot  the  "co5rdination  centre."  Kro- 
necker and  Schmey declared that in all probability a  similar  spot exists 
in the human heart.  The investigations of Krehl,* Romberg,~  W. His,:~ 
and  Schaefer §  gave  conclusive  proof  that  these  nervous  ganglia  were 
derived from the sympathetic and that they could, therefore, carry only 
.centripetal  or  sensory  and  no  motor  stimuli.  His  believes  that  the 
heart  contains  only sensory nerves, while  Romberg calls attention to the 
fact that the fcetal heart contracts rhythmically long before either nerves 
or nervous ganglia can be found in the  cardiac muscle.  It is incorrect, 
therefore, to attempt to explain the cardiac stoppage in the experiments 
of Kronecker and Schmey  , and likewise the possible sudden arrest of the 
heart  after  wounds  of  that  organ,  as  a  result  of  injury  to  the  nerve 
ganglia in the heart.  Engehnann I] has shown that it is possible to incise 
the  heart-muscle  in  such  a  manner  that,  while  the  continuity  of  tile 
muscle is not totally disturbed,  all the nerves are  doubtlessly cut across. 
Nevertheless,  muscular  contractions  continue.  Porter¶  concludes  that 
nerve  cells,  if  present,  are  not  essential  to  long-continued,  rhythmical, 
co-ordinated contractions of the ventricle, and that the causes of rhythmic 
contractions of the ventricle lie in the ventricle itself. 
If there are, therefore, no motor nerves in the heart, and if this organ 
can contract after all the  sensory nerves have been divided,  there  must 
be a true automatism of the heart-muscle.  This is the prevailing opinion 
among  writers  of  the  present  day.  Investigators  are  undecided  as  to 
the  explanation  of the  so-called  co-ordination  centre of Kronecker and 
Schmey.  In  man,  wounds  of the  septum  ventriculorum, in  the region 
that  would  correspond to  the  co-ordination centre  in  animals,  are  very 
rare indeed.  It is only on this assumption, however, that we can explain 
the  immediate  cardiac  arrest  and  death  in  the  case  of  the  Chevalier 
L'Atour  D'Auvergne.  As  no  other "undoubted  case  of  this  kind  has 
been  reported  we  must  conclude  that  immediate  cardiac  asystole  and 
death after wounds  of the heart in man,  unless  indeed the whole organ 
be torn from its attachment, is  excessively rare. 
When death is delayed after an injury of the  heart, what is the cause 
of the  stoppage of this  organ? 
It must, of course, be understood that in the following considerations 
Krehl,  Deutsche  reed.  Woche~schr.,  1889,  p.  549. 
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no  reference  will  be  made  to  the  secondary  or  complicating  callses  of 
death such as sepsis, shock from the severity of the injury and the like, 
for they have no direct bearing on the  subject in hand.  There remain 
for  consideration:  1.  The  effect  on  the  heart  of  the  loss  of  a  large 
amount of blood; 2, the change in the  character of the heart's action as 
the escaping blood fills and distends the perieardial sac. 
That the hsemorrhage from a wound of the heart is usually very great 
and often sufficient to cause death in a few seconds needs no explanation. 
Clinical  experience  has  long  ago  shown  that,  after the  loss  of  a  large 
quantity of blood, the heart suffers mainly because it has no longer suffi- 
cient fluid to "work on."  For the blood, circulating through the heart 
chambers,  stimulates  the  heart-muscle  to  contract,  and  when  there  is 
little or no fluid in  these  cavities, the  rhythmic contractions and relax- 
ations  of the  heart-muscle  soon  cease.  The larger  the  wound  and  the 
freer its communication with  the surface  of the  body, the more rapidly 
will cardiac asysto]e and death supervene.  The same  is also true where 
the heart wound communicates with one or the other pleural cavity into 
which the heart can pour the blood from the entire body. 
If the wound in the heart-muscle, however, permits of the free escape 
of blood, while the wound of the parietal pericardium is either very small 
as compared with that in the heart wall, or the pericardial rent becomes 
closed  or partially  closed  by  clots  or by  the  pressure  of the  soft  parts 
around  it,  the  blood will  be  unable  to  escape  from  the  pericardial  sac 
and the  latter  will thus  become more and  more distended.  The intra- 
pericardial pressure rapidly rises and the pressure exerted upon the heart 
by the blood in the pericardium becomes very much increased.  To this 
condition  Rose,*  although  he  was  not  the  first  to  call  attention to  its 
importance,  gave  the  name  of  "heart  tamponade."  Morgagni ~  had 
already recognized its  danger.  Cohnheim $  investigated the  subject  in 
numerous  experiments  on  dogs.  He  injected  various  quantities  of 
fluids into the pericardial sac of the animals  and showed that, with  the 
rise  of  the  intrapericardial  pressure,  the  heart's  action  steadily  grows 
weaker.  A  point  is  soon  reached  where  the  heart  stops  beating  alto- 
gether.  Cohnheim  demonstrated  that  the  pressure  of the fluid  in  the 
pericardial  sac  is  mainly  expended  upon  the  auricles  and  the  great 
vessels at the base of the heart.  While the ventricles still contract, the 
auricles  and  the  great  vessels  are  compressed,  the  entry  of  blood  into 
Rose,  Deutsche Zeitschr.  f.  Chirurgie,  xx,  329. 
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the heart grows less and less,  the heart  pumps itself dry and  finally the 
contractions  of  the  ventricles  also  cease.  In  other  words,  while  the 
causes  are  different,  the  results  are  the  same  as  in  death  from  acute 
hmmorrhage, i. e.  the heart ceases to beat because  there is no more fluid 
upon  which  it  can  contract.  Rose  and  many writers  after  him  believe 
that this heart tamponade is in many cases the chief cause of death. 
Dyspncea, cyanosis, small  thread-like  pulse,  the  physical  signs  of dis- 
tension  of the pericardial  sac with fluid, together with  the  characteristic 
situation  of the  external  wound,  the  h~emorrhage,  and  the  symptoms of 
collapse,  are  the  symptoms that  are  generally  described.  Some  writers 
have  attributed  considerable  value  as  a  diagnostic  sign  to  a  peculiar 
whirring  noise  to be  heard  over the  lower  part  of  the  heart;  but  Ried- 
inger,*  Rose, t  Delorme,$  Loison,§  consider  it  as  neither  constant  nor 
characteristic. 
While  injuries  of the  heart  are  most  often  followed  by  death  before 
medical  aid  can  arrive,  there  are  some  cases  in  which  the  patient  sur- 
vires for a  number  of hours  or  days.  The  treatment  of  these  patients 
has consisted in general  and  local measures  such  as  cleansing and  pack- 
ing  the  external  wound,  absolute  rest,  the  application  of  cold  to  the 
prmcordial region,  the  administration  of morphine  and  other  narcotics, 
sometimes  venesection  (Dupuytren,  Stromeyer,  Rose).  If  the  hsemor- 
rhage  continues  and  the  patient  grows worse,  the  case  has been consid- 
ered a hopeless one. 
The first step toward a  more direct  and  local treatment was  taken by 
Rose when he recommended that the pericardial sac should be punctured 
through  the  fourth  left  intercostal  space,  in  order  to  relieve  the  dan- 
gerous  symptoms  of  heart  tamponade.  If this  did  not  suffice  and  the 
dangerous  symptoms  continued,  the  pericardia]  sac  should  be  opened 
and all clots and blood removed from it.  While ill some cases the  good 
results of this operation cannot be denied,  it seems to me that  Rose goes 
too far when he declares that  "the  opening  of the  pericardium  and  the 
immediate removal of  the  heart  tamponade  deserves  to  have  as  impor- 
tant  a  place  in  surgical  procedure  as  traeheotomy." 
In man, puncture  of the  pericardial  sac  and  pericardotomy is  already 
a  recognized  procedure  in  surgical  practice.  In  the  large  majority  of 
cases, the pericardial sac can be exposed and opened without injury to the 
Riedinger,  Krankheiten des  Thorax, Deutsche  Chirurgie,  xlii,  p.  180. 
"~ Rose, loc.  cir. 
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left pleura.  But the technique of the  operation needs further develop- 
ment,  and  the  anatomical  landmarks  in  normal  and  abnormal  condi- 
tions  must  be  more  clearly  defined.  The  recent  investigations  of 
Voinitch-Sianojensky*  and  of  Delorme  and  Mignon~  constitute  a  dis- 
tinct advance in this direction. 
It would be manifestly beyond the scope of this paper to describe the 
various  methods  proposed for  the  operations  of  paracentesis  pericardii 
and of pericardotomy.  For these, the reader is referred to the short but 
comprehensive work of Terrier and Reymond, Chirurgie du  Coeur et du 
_P~ricarde.  There are several points, however, to which  we  would draw 
attention.  Up  to  within  the  last  few years  the  belief was  widespread 
that large  collections of fluid in  the  pericardium  push  the heart  back- 
wards  against  the  vertebral  column.  If  this  were  always  true,  there 
would be little danger of wounding the heart during an aspiration unless 
the aspirating-needle were made to penetrate too deeply.  Recent inves- 
tigations  have  shown  that  this  belief  is  not  always  true.  Large  effu- 
sions into the  pericardial sac may and  often do push  the heart forward 
against  the anterior wall of the chest, in which situation it might  easily 
be injured.  The larger.the  quantity of fluid in the pericardial sac, the 
more is  the heart  pushed  forward.  This  has  been  seen  in  the  human 
subject  by  Rehn;$  experimentally,  in  the  cadaver,  by  Delorme  and 
Mignon§  and Voinitch-Sianojensky;]  I and in  the  living animal body by 
myself.¶  If there are adhesions between the heart and the anterior wall 
of the pericardial sac, the injury of the heart during paracentesis of the 
sac may also take place.  Kiimmel** found adhesions between the heart 
and  the  parietal  pericardium  2  centimeters  above  the  point  where  he 
had  aspirated  the  pericardial  sac.  Numerous  cases  have  been  reported 
where  the  heart  was  actually  injured  during  this  procedure.  Hence 
Eiselsberg~  declares,  as  a  result  of his  experience, that  the  danger  of 
paracentesis  is  often  greater  than  that  of  incision  of  the  pericardial 
sac.  He  recommends that  in  pericardotomy the  pericardial  sac,  when 
exposed,  should  be  sewn to  the  edges  of the  wound  in  the  chest  wall, 
* Voiniteh-Sianojensky, Arehiv.  Russ. de  Chirurgie,  St. P~tersbourg, 1897, it; 
also Revue de Chirurgie,  1898. 
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thus  protecting  the  incision  in  the  soft parts,  and  the  pleural  cavities 
against injury and infection. 
While  paracentesis  or  pericardotolny in  the  treatment  of heart  tam- 
ponade is based  on  rational  grounds,  there  is  at  the  same  time  a  note- 
worthy risk connected with  its performance.  When the pressure on the 
heart has been removed, the hzemorrhage from the wound  in the heart- 
muscle  is  apt  to  begin  anew,  or,  if  it  had  not  ceased,  to  become  very 
much  larger.  For  these  reasons,  surgeons  have  often  hesitated  about 
following Rose's recommendations, and have sought for other and more 
efficient methods of stopping the hmmorrhage from a wound of the heart. 
~lany  years  ago  Bil]roth  declared  that  no  surgeon,  who  wished  to 
preserve the respect of his  colleagues, would ever attempt the  suture  of 
a wound of the heart.  In 1884 Riedinger* made the oft-quoted statement 
that "the  proposition to suture a wound of the heart, although made in 
all  seriousness,  needs  hardly  a  mention."  Tillmanns  declared  in  one 
of the. recent  editions  of his  book that  surgery is  powerless  when  con- 
fronted with  a  hmmorrhage  from the  heart-muscle.  There were  others 
(Khnig, t  De]orme,:~  etc.),  however,  who  dared  to  give  voice  to  their 
opinion that  suture  of a  wound  of the  heart, othough  difficult, and  con- 
nected with  great  risks, was  theoretically and  probably technically pos- 
sible.  On logical grounds  one might  ask why direct surgical treatment 
of the  wound,  according to  the genera] principles  of wound  treatment, 
was  never  proposed  and  attempted.  For  bad  it  not  been  proven  cen- 
turies  ago  that  cardiac  ~:ounds  could  heal  and  that  foreign  substances 
could  heal  in  the  heart-muscle  without  interfering  with  its  function? 
Had  not  the heart been exposed in  the  operation of pericardotomy and 
were writers not agreed that this  could be done with comparative safety 
by  the  ~lse of modern  aseptic  technique?  In  answering  this  question, 
we  must remember that  we have to  deal with  an  organ  of first import- 
ance which is in  constant motion, and which, moreover, was believed to 
be  very sensitive  to  the  smallest  mechanical  insult  or  injury.  It  was 
feared that during the  slightest manipulation the  heart  might suddenly 
stop, that the  mere passage  of a  needle might  be followed by the  direst 
results.  Hence  cardiac  suture  was  until  very  recently  considered  an 
unwarrantable surgical procedure. 
With  the  growth  of  such  ideas  as  those  of  Khnig  and  of  Delorme, 
investigators turned  to the  animal  heart  to  gain knowledge and  experi- 
ence on this subject. 
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Rosenthal,* I  believe, was the first to attempt to treat a wound of the 
heart in an  animal by direct means.  Early in  1895  he  showed  to  the 
Medical  Society  of  Berlin  a  dog  whose  heart,  after  resection  of  the 
sternum,  he  had  wounded  and  tamponed  with  iodoform  gauze.  The 
wound healed and the animal survived.  Del Vecchio~ reported that he 
was successful in keeping alive a dog that had suffered two perforating 
wounds  of the left ventricle and the  subsequent  operation of suturing. 
Salomoni$  twice  wounded  and  successfully sutured  the  canine  heart. 
In his cases,  after 15 to  20  days, the  dogs were killed and  the wounds 
were found healed.  About  one  year later  F.  Bode§  made  a  series  of 
experiments on rabbits and published a  careful and detailed account of 
his observations.  He made small wounds in the ventricles of the rabbit's 
heart  and then closed  these with fine silk sutures.  The conclusions he 
arrived at agree almost entirely with  some  of Fischer's statements  con- 
cerning the human heart.  In none of Bode's experiments did the heart 
stop  stidden]y after the wound  had  been made  nor  did the  passage  of 
the needle and suture and the tying of the latter ever cause more than a 
temporary irregularity  of  the  heart's  action.  He  found  that  wounds 
of the right ventricle bled more freely and were more difficult to manage 
than those of the left.  Wounds of the auricles were very dangerous and 
almost  always  resulted  in  the  death  of  the  animal  from  h~emorrhage 
before the  suture could be  applied.  Every time  Bode passed  a  needle 
and suture through the heart-muscle he observed that  the next systolic 
contraction  was  somewhat  delayed,  and  that  there  followed  a  short 
period of arhythmical heart's action; nevertheless the heart  soon recov- 
ered  its  regular  movements.  The wounds  which  he  made  were  very 
small,  however, and  the  sutures he applied  few in number.  He states 
that he is  convinced that many of his results can properly be applied to 
the human heart. 
When we turn to the human heart, we find that suture of the cardiac 
would has  thus  far  been done in  nine  cases.  Some  of the reports  are 
very short, and contain few details.  Cappelenll  sutured the heart-muscle 
of a  patient with a  non-penetrating wound.  The patient died  2½  days 
later from  secondary hmmorrhage  of  the  coronary artery.  Farina¶  of 
* Rosenthal,  Deutsche  reed.  Wochen$chr.,  1895,  No.  2. 
?Del  ¥ecchio,  Riforma  reed.,  1895,  il,  No.  79;  also  Ccntralbl.  "f.  Ghirurgie, 
1895,  p.  574. 
:~ Salomoni,  Centralbl.  f.  CkSrurgie,  1896, No.  51. 
§ F.  Bode,  Be$trage z.  klin.  Chirurgie,  1897,  xix,  167. 
II Cappelen,  Deutsche reed.  Wochenschr.,  1896,  p.  186. 
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Rome closed a  penetrating wound of the left ventricular wall by two silk 
sutures.  The  patient  died  of pneumonia  one  week  after  the  operation 
and at the post-mortem examination the wound was found firmly healed. 
At the XXVI  Congress  of the  German Surgical  Society held in  Berlin, 
April,  1897,  Rehn*  reported  a  successful  case  of  suture  of  the  heart. 
This  occurred in  a  florist,  22  years  of age, who,  after being stabbed  in 
the left side of the chest, fell unconscious.  After three hours he revived, 
dragged himself along the ground  for about  500 feet and again fainted. 
Shortly  afterwards  he  was  brought  to  the  hospital  in  a  condition  of 
severe  shock.  In  the  fourth  left  intercostal  space,  three  finger- 
breadths  from  the  parasternal  line,  there  was  a  stab-wound  about  one 
inch  long.  Cardiac  dulness  was  increased  towards  the  right;  dyspncea 
was  extreme and cyanosis marked.  The following morning his  general 
condition was  somewhat improved, although he was  still  suffering from 
shock.  Towards  noon  of  the  same  day  he  became  very much  worse, 
the dyspncea and cyanosis had increased, the heart-dulness had extended 
still further to the right and to the left, and the patient appeared mori- 
bund.  Rehn having decided to  operate made an  incision in the  fourth 
left  intercostal  space  and  resected  part  of  the  fifth  rib.  The  peri- 
cardia]  sac  could  now  be  seen.  When  the  left  pleura  was  opened,  a 
large quantity of blood escaped from it.  On opening the pericardial sac, 
a  penetrating wound  1½  centimetrcs long, bleeding freely, was  found in 
the wall of the  right ventricle.  The edges of the  wound were approxi- 
mated  by  three  sutures.  Although  the  case  was  complicated  by  an 
empyema of the left pleura, the patient recovered and  remained  well. 
Parrozzani  t  published  the report  of a  patient  who  received a  wound 
so  large  that  "the  little  finger  could  be  passed  into  the  ventricular 
cavity"  in  the  left  ventricu]ar  wall  near  the  apex  of  the  heart.  The 
wound was closed by two deep and two superficial sutures, and the peri- 
cardial sac by six sutures.  The wonnds healed by primary union and the 
patient recovered. 
In a second case operated on by the same surgeon, a woman received a 
stab-wound  through  the  left  ventricle,  which  was  closed  with  two  silk 
sutures.  The patient died  of exhaustion on the second day after opera- 
tion, but at the necropsy the heart-wound  was found firmly closed. 
Parlaveechio:~ reports a remarkable  case.  The patient,  a  young man, 
Rehn,  loc.  cit. 
t  Parrozzani,  Bull.  d.  r.  Acad.  Med.  d$  Roma,  1897-8,  xxiii,  243;  also  Sema~ne 
reed.,  1897,  :No.  23, 
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was  able  to  walk  to  the  hospital,  a  distance  of  one-quarter of  a  mile. 
He had a wound in the  left intercostal space from which blood escaped 
during  each  systole  of  the  heart.  There  was  a  left  pneumo-hmmo- 
thorax and  heart-dulness  very much  enlarged;  the  pulse  was  weak and 
irregular and the  patient was  pale and gasped for breath.  Eight hours 
after admission the heart was exposed and a V-shaped penetrating wound 
3.5  centimetres long was  found in the  wall  of the  left ventricle.  The 
wound was closed with four interrupted silk sutures.  The patient made 
an  uneventful  recovery  and  was  discharged  cured  five  weeks  after 
operation. 
Ninni* reports the case of a man,  33 yeaxs of age, who was stabbed in 
the chest with a short knife.  After walking about 200 steps the patient 
fell to the ground and was brought to the hospital.  He had a wound in 
the fifth left interspace in the mammary line.  No radial pulse could be 
felt, although the heart was beating tumultuously.  The patient remained 
nnconscious and the heart's action became steadily weaker, although ener- 
getically stimulated.  Without  anaesthesia,  an incision was  made  in  the 
fifth interspace from the  sternal margin to the mammary line, a  second 
incision parallel to the first in the third interspace, arid a  third incision 
connecting  these  two  along  the  sternal  margin.  The  left  pleura  was 
incised and a  large quantity of clotted blood allowed to  escape from it. 
The  pericardial  wound,  which  was  3  cm.  long,  was  enlarged.  In  the 
anterior wall  of the left ventricle near the  apex was  found a  wound  25 
ram. in  length, from which ~resh  Mood was  escaping.  The wound  was 
closed with two silk sutures and the pericardium by a continuous suture. 
While  the  left pleural  cavity was  being cleared of  clots and  before the 
cutaneous flap  was  adjusted,  the  patient  died. 
Pagenstecher~  operated upon a  young man,  17 years of age, who was 
stabbed just under the left nipple with a knife.  After walking a few steps 
he fainted and was brought to the hospital, where he soon regained con- 
sciousness.  Next morning he was operated upon, 6 cm.  of the left fifth 
costal cartilage were resected, the wound  in the  pericarditlm  was  found 
and enlarged.  Three cm. from the apex of the heart there was a  wound 
in the wall  of the left ventricle 3½  cm.  long.  A  small stream  of bright 
red blood issued  continuously from the wound.  After considerable dif- 
ficulty sutures were introduced and the hsemorrhage was controlled.  The 
patient made a  complete recovery. 
Suture of a wound of the auricle has been performed, and with relative 
Ninni, Giornale  fnternaz,  d. Sc. reed.,  1899, No. l. 
"~ Paffenstecher, Deutsche reed.  Wovhensvhr.,  1899, No. 31. 490  Treatment  of  Wounds  of  Heart  by  Suture 
success,  in  one  case  by  Giordano.*  The  external  wound  was  in  the 
third  left  interspace  in  the  anterior axillary line.  After  the  third  and 
fourth  costal  cartilages  had  been  resected,  a  wound  two  eentimetres 
long  was  found  in  the  right  auricular  wall.  This  was  closed  by  four 
sllperficially  passed  sutures.  Nineteen  days  later,  the  patient  died  of 
empyema,  having  given  no  symptoms  which  pointed  to  lesions  of  the 
heart.  At the autopsy the cicatrix of the wound in the auricle could be 
found only with difficulty. 
Thus, of the  foregoing nine eases of suture  of the  human heart,  four 
patients  recovered  entirely;  one  ease  died  of  a  complicating  empyema 
nineteen days after operation, another died of pneumonia one week after 
operation, a  third  died  from shock before the  operation was  completed. 
The  other  two  patients  lived  for  two  days  and  died,  the  one  from  a 
secondary hmmorrhage from a coronary artery, the other from exhaustion. 
PART  II. 
EXPERI~[ENTAL  INVESTIGATIONS. 
As  a  contribution  to  the  development  of  this  branch  of  surgical 
procedure,  it  seemed  to  me  of  value  to  attempt  to  determine  how 
extensive an injury the mammalian  heart could safely withstand,  and 
how  extensive  a  suture  could  be  applied  to the  heart  without  inter- 
fering with  its  function.  With  this  purpose  in  view,  the  following 
experiments were made  on  the  heart  of the rabbit,  although  I  some- 
times,  for comparison,  examined the  heart  of the  dog.  I  chose the 
rabbit  for most  of the  experiments,  because  in  this  animal  one  can 
expose  the  heart  without  opening  the  left  pleural  sac.  The  results 
obtained  in  the  different  animals  agreed  in  all  essential  particulars. 
Under  ether  anaesthesia,  which  was  employed  in  all  of  the  experi- 
ments, the 3rd, 4th and 5th ribs were exposed by a longitudinal incision 
through  the  skin  and  the  costal  cartilages  cut  close to  the  left border 
of the  sternmn.  These cartilages could with  care be dissected from the 
muscles  around  them  and  reflected  outwards.  The internal  mammary 
artery was drawn outwards and the triangularis sterni muscle divided near 
its  insertion.  In this  manner  the  whole  of the  anterior surface  of the 
rabbit's  pericardium  could be  exposed.  The  pericardial  sac  was  then 
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sewn  to the thoracic muscles  around the  edges  of the wound and then 
opened by a longitudinal incision.  The heart was thus exposed and could 
be manipulated without danger to the left pleura.  In making use of this 
procedure,  I  had  followed the  precepts  laid  down  by  Eiselsberg  and 
Gussenbauer in  performing pericardotomy in  man.  I  found this  pro- 
cedure very valuable, for I  was able thus to avoid almost uniformly the 
injuries to the pleura which occurred in so many of Bode's experiments, 
and to which the death of a large number of his animals was attributable. 
When the  experiments and  observations  on  the  heart  of the  animal 
had been made and the wound in the wall of the thorax was ready to 
be closed, the cartilages were returned into place, the cut end of the left 
pectoralis major muscle sewn to the insertion of that of the right  side, 
the serous  surfaces of the outer pericardial layer thus brought together, 
and by this means  the  pericardial sac  again  closed.  The  skin  wound 
was then closed by interrupted  silk sutures and an iodoform collodion 
dressing applied. 
Most  of the animals recovered  rapidly from the  operation.  One  to 
two hours after the experiment they were running about as  if nothing 
had been done to them.  Every one to two days exact notes were taken 
as to their condition, character of their hearts' action, etc. 
The  experiments and the  results  obtained  I  have  arranged  under 
three headings: 
Series I.  Wounds were made of various sizes and in various parts 
of the heart.  :No suture was applied to the cardiac muscle. 
Series II.  Suture of the normal intact wall of the heart. 
Series III.  Suture  of the  cardiac  muscle  after wounds had been 
made in it. 
SERIES  I. 
WOUNDS  OF  THE  HEART--THEIR  SIZE  AND  SITUATION.  THE  H/EMOR- 
RHAGE.  THE  PHYSIOLOGICAL  IRRITABILITY  OF  THE  ~ART-MUS(}Y.~E. 
The heart was exposed in the manner above described and manipu- 
lated in  various ways.  The organ  could be  lifted well  up  into the 
thoracic wound without causing any appreciable change in the heart- 
beat.  It could even be drawn forward so far that the greater part of 
the ventricles lay outside of the thorax, so  that all side~ of the ven- 
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muscle was grasped  and gently  compressed with  a  forceps,  no  appre- 
ciable difference in the character  of the heart's  action was observable. 
When,  however,  firmer  pressure  was  made,  a  peculiar  and  charac- 
teristic  irregularity  was  noticed.  This  irregularity  was  also  to  be 
seen  when  the  heart-muscle  was  punctured  with  a  coarse  teasing 
needle.  Every time  the  needle  penetrated  the  heart-wall,  there was 
a delay in the occurrence of the next systolic contraction,  followed by 
a short period of very irregular action of the heart.  This irregularity 
was usually noticeable during the time the needle was penetrating  the 
epicardium  and  the  moment  that  the  endocardium  was  pierced. 
After  a  few moments  the  heart's  action  becomes regular  again. 
Several  times,  in  order  to  determine  just  when  the  arhythmia 
FI6.  1. 
Transverse Ligation  of  Ventricles. 
occurred,  I  proceeded  in  the  following  manner.  I  had  noticed  in 
previous experiments  on  the rabbit's  heart  that  it  was possible to tie 
a  ligature  transversely  around  a  portion  of  the  ventricles  without 
more  than  temporarily  disturbing  the  heart's  action.  (See  Fig.  1.) 
Though  the  ligature  was drawn very tightly,  the part  (A)  below the 
ligature  continued  to  beat,  though  somewhat  more  weakly than  the 
rest of the ventricles. 
When  the  ligature  was  tied,  there  was  only  a  temporary  irregu- 
larity  of the heart lasting from two to five minutes.  If anything  less 
than  one-half  of  the  ventricles  was  thus  tied  off,  the  heart's  action 
remained  strong  and  regular.  V?hen  the  ligature  was  removed,  the 
heart's  action  became very rapid,  there  being often  300  beats to tile 
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and soon returned to the normal.  If more than one-half of the ven- 
tricles was tied  off in  this  manner,  the action  of  the heart  at  once 
became weak and very irregular and, unless the ligature was at onc.e 
removed, stopped in less than one minute. 
I  tied off a part of the ventricles in this manner, and made a large 
incision penetrating into one ventricular cavity.  On account of the 
ligature  around  the  ventricles  above the  line  of incision,  there  was 
no hsemorrhage.  When the heart's action had returned to the normal, 
a needle was pushed through the heart-wall near tile line of the inci- 
sion.  It  was  forced forward very slowly,  so  that  the  heart-muscle 
was penetrated layer by layer.  The exact moment when this needle 
penetrated the epicardial layer and, likewise, when it passed through 
the  endocardium,  could  be  determined.  While  the  needle  passed 
through  the  epicardium  the  cardiac  action  was  very  irregular. 
Although at first I  thought that the heart sometimes omitted a  beat, 
I soon observed that the irregularity was due to a delay in each systolic 
contraction of the ventricles.  With the needle in this position,  and 
supposing that the irregularity would persist, I  waited, but found that 
it  disappeared  in  less  than  one  minute.  When  I  then  pushed  the 
needle slowly forward through the myocardium, the heart continued 
to  beat  regularly until  the  needle reached  and  passed  through  the 
endocardium.  Then each systole again "lagged behind."  Although 
the  needle was  left  in  place,  passing  through  the  entire  heart-wall, 
the action of the heart became regular in  less  than  one minute and 
remained so.  I  consider it  noteworthy that the heart did  not  omit 
a  single beat during the whole of this experiment. 
This irregularity occurs also when the auricles are similarly punc- 
tured.  As  the  walls  of  the  auricles  are  very  thin,  their  different 
layers cannot be injured separately, and, therefore, the exact moment 
when  the  arhythmia  occurs  cannot  be  determined.  I  was  much 
surprised to ilnd in two of my animals, however, that this irritability 
of the  epieardium  and  endocardium was altogether wanting.  Bode 
believed that such cardiac arhythmia occurred only during injury of 
the  endocardium,  z-~CIy observations  seem  to  show  that  both  epi- 
cardium  and  endocardium  react  in  this  characteristic  manner. 494  Treatment  of  Wounds  of  Heart  by  Suture 
Heitler,*  in  his  investigations  on  the  electrical  excitability  of  the 
heart-muscle,  arrived  at results  which  substantiate  mine.  lie  found 
that  the  passage  of  a  weak galvanic  current  through  the  epicardial 
and  the  endocardial  layers  of  the  heart-wall  caused  an  irregularity 
of the heart's action,  while the myoeardium did not react to the  elec- 
tric current. 
The h~morrhage  that occurs from neea]e punctures of the heart in 
the  animals  experimented  on is  always small when the ventricles  are 
injured,  but more  considerable when the needle is made to penetrate 
the aurien]ar  wall  In  the  latter  case,  however,  as well as in  punc- 
tured  wounds  of  the  ventricles  the  hmmorrhage  soon  ceases.  Even 
when  the  needle is passed through  the  whole  thickness  of the heart, 
thus  traversing  the  walls of both  ventricles  and  the  interventricular 
septum,  the h~emorrhage  was  never so great  as to  endanger  the  ani- 
maFs life.  If the animal  be killed 3  or 4  days after the experiment 
and  the  heart  be  then  examined,  the  point  of  puncture  can 
scarcely be seen  as  a  slight  depression  on  the  surface  of the  heart; 
after one week it is impossible with  the  naked  eye to find the  point. 
In one animal the heart was punctured in various directions a num- 
ber of times.  The hmmorrhage  from  the wounds  was controlled by 
compression with gauze  and the animal recovered. 
The  range  of  experimentation  was  enlarged  by  incisions  in  the 
cardiac  muscle in  various directions  made  by a  scalpel with  a  blade 
one mi]]imetre  in breadth.  It is a  fact, so well known  that  it  needs 
no  comment,  that  the  heart  of the  rabbit  can  be made to beat very 
slowly by allowing the  animal  to  inhale  a  few  drops  of  chloroform. 
By  means  of  this  expedient,  it  was possible  for  me  to  inflict  the 
wounds  with  my  scalpel  during  the  systole  or  the  diastole  of  the 
heart  at  will.  Wounds  that  are  made  during  the  systole  of  the 
injured  part  bleed more  than  those  made  during  the  diastole.  For 
a wound that is made during  systole becomes larger with the diastolic 
relaxation of the heart-muscle,  while, vice-versa, a wound that is made 
during the diastole becomes smaller with each systole.  Thus a wound 
of a  ventricle  ~  mm.  long,  made in  systole, would be almost  3  ram. 
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in size during the diastole; and one of 2 ram. made in the ventricular 
wall  during  a  diastolic  relaxation,  would become almost  as  small  as 
one millimeter during the systolic contraction. 
The hmmorrhage from wounds that penetrate into one of the heart- 
cavities  is  larger  than  that  from non-penetrating wounds.  Wounds 
penetrating perpendicularly bleed more than  those passing  obliquely 
through the heart-wall.  In the latter case, the wound canal is longer 
and,  therefore,  a  condition  more  favorable  to  the  coagulation  of 
blood  in  it  exists.  Also in  an  oblique wound canal the  wound  sur- 
faces are more tightly pressed against  each other during  the systolic 
contractions of the part.  (See Fig.  2.) 
FIG.  2. 
To  illustrate the Closure  of  a Wound passing obliquely through 
the Heart-Wall.  (The Arrows represent Lines of Force.) 
Wounds  of the right ventricle bleed more than  do  those  of equal 
size  made  on  the  left side.  Although  the  pressure of blood  in  the 
left ventricle is far greater than in the right one, and, therefore, the 
tendency to  washing  away  of  the  clots  in  the  wounds  far  greater, 
nevertheless, wounds on the left side are closed by coagulation more 
rapidly  than  on  the  right  side.  This  will  be  readily understood if 
we  take  into  account  the  greater  thickness  of  the  wall  of  the  left 
ventricle  and,  hence,  the  greater  length  of  the  wound  canal.  In 
addition  to this,  the Mood in  the right ventricular cavity contains a 
larger amount of CO2  and,  hence, coagulates more slowly than  that 
in  the left.  Thus a  penetrating wound  2  ram.  long  could be  made 
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in any part of the left ventricle and the heemorrhage could be stopped 
by means of a gauze compress.  Such wounds will often close without 
suture.  If the wound in the left ventricle is larger than 2  ram., the 
animal regularly bleeds to death unless a suture is applied.  Wounds 
2  to  3  ram.  long  in  the  right ventricle of the  rabbit  will  regularly 
cause fatal hmmorrhage unless the wound is  sutured.  If the suture 
be  not  employed in  even the  smallest incised  wounds  made  in  the 
auricles, the animal will bleed to death. 
The h~emorrhage from all  these wounds was most frequently sys- 
tolic;  during each contraction a small stream of blood squirting from 
the wound.  Diastolic bleeding was,  however,  occasionally observed, 
especially where the wounds were very large.  If the wound is very 
large  (4:  or  more ram.  in  the rabbit;  6  to  20  ram.  in  the  dog)  and 
gapes, the Mood will simply run out of the wound during the diastole. 
The same can  occur where the opening is of such  a  size  and shape 
that it closes during each systole and gapes during the diastole of the 
part.  The  systolic  h~emorrhage is  always  one  under  pressure  and, 
hence, greater than the diastolic bleeding. 
SEUIES II. 
THE  NUMBER  OF SUTURES  THAT  MAY  BE  APPLIED  TO TIIE HEAI~T-~IUSCLE 
~VITIIOUT  INTEI~FERING  WITH  ITS  FUNCTIONAL  ACTIVITY. 
THE  METHOD  TO  BE  FOLLOWED. 
The  purpose  of this  series  of  experiments was  to  determine the 
amount of suturing that the heart could stand and the best method of 
passing the sutures. 
In sewing the heart-muscle, the stitches may be  passed through a 
part or through the whole thickness of the cardiac wall.  There are 
some advantages  in  having the  suture  pass through  a  small part  of 
the muscle.  In  the  first  place,  although the hmmorrhage from the 
needle  puncture  is  never  considerable,  except  when  a  blood-vessel 
is  injured,  its  quantity  is  proportional  to  the  amount  of  heart-wall 
punctured by the needle.  When the suture passes  through the peri- 
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sized dogs,  the visceral pericardium measures about one-half a  milli- 
metre in thickness.  Unless a  large vessel be injured, the passage of 
a suture through this layer occasions no bleeding at all.  The deeper 
the suture is passed, the larger is the h~emorrhage. 
In  the  second place,  the  pericardium, being the toughest  part  of 
the heart-wall, is less apt to tear when little muscular tissue has been 
included in the suture with it.  Should the suture  tear through the 
muscular layer,  if a  considerable part  of the latter is included, it  is 
also  very  apt  to  tear  out  through  the  pericardium.  This  accident 
happened in several of my experiments. 
As the size of the animal increases, so also does the force of each 
contraction of the heart become greater, and hence the greater is the 
strain  that the heart.muscle and  the sutures  have  to withstand.  In 
the  dog's  heart the sutures that included  a  considerable part  of the 
"thickness of the wall tore out oftener than did those similarly passed 
through  the  cardiac  muscle  of rabbits.  In  other words  the  larger 
the animal,  the more apt  is  a  deeply passed  suture to  tear  out.  I 
believe, therefore, that sutures which penetrate through the epicardium 
and  superficial  layers  of  the myocardium only  are  most  certain  to 
hold.  The  sutures  can  be  passed  to  this  depth  with  a  minimum 
amount of bleeding and a maximum of certainty that they will hold. 
Where,  however,  a  very  large  wound  exists  and  this  superficial 
suture would not sut~ice to approximate the wound surfaces, a deeper 
suture or two tiers of suture must be applied. 
Another point of technique to which I  must call attention is that 
the sutures should be drawn tight and tied during the diastole of the 
part  operated  upon.  In  the  heart  of  the  smaller  rabbits  this  was 
often impossible on account of the great rapidity of the heart's action. 
In the larger rabbits and in the dogs, however, where the heart does 
not  beat so  rapidly,  it is  always possible  to  tie  the sutures during a 
diastolic relaxation.  The strain upon both the suture and the heart- 
muscle is less during both systole and diastole when the suture is tied 
during  diastole  than  when  it  is  tied  during  systole.  The  results  I 
obtained  in  my experiments with this  '~ diastolic suture"  have been 
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passed  my  sutures  only  through  the  superficial  layers  of  the  heart- 
wall and tied them only during a diastolic relaxation of the part oper- 
ated on, I  saw very few of my sutures tear through tile muscle and so 
become loose.  Suture of the ventricles is easier than that of the auri- 
cles, because the former are easier of access and their walls thicker. 
In  order  to  discover  the  maximum  amount  of  suture  that  the 
heart  could  stand,  I  made  a  number  of  interrupted  and  continuous 
sutures  extending  over various  distances  of  the  heart-wall.  Regard- 
ing  the  advantages  of the  interrupted  over the  continuous  suture,  I 
shall  speak  in  Series  III.  The  functional  activity  of  the  rabbit's 
heart is not interfered with even by a very extensive line  of stitches. 
In  several  animals  (see  Experiments  XXIV  and  XXXIIi,  pp.  516 
and 518), a continuous suture was applied beginning at the base of the 
right  ventricle  and  extending  to  the  apex  and  continuing  o~er  the 
wall of the left ventricle to the  left auriculo-ventricular  suleus.  All 
the  animals  operated  on  in  this  way  reco~'ered  and  remained  well 
during  the  full time of observation  (3  to  12 weeks).  In  one animal 
the  suture ran over a part of the auricles  also  (see Experiment  XLI, 
p.  518).  This  animal  likewise  remained  well.  Of  the  histological 
changes  in  the  hearts  of these  animals  I  shall  speak  later.  It  may 
be said in this place, however, that the  pathological  changes consisted 
mainly  in  a  connective  tissue  proliferation  between  and  for  a  small 
distance  around  the sutures,  while the  adjoining muscular  fibres pre- 
served their  normal  appearance. 
SERIES  llI. 
LARGE  -WOUNDS  OF  THE  HEART  IN  TtIE  RABBIT  AND  THEIR  SUTURE. 
In this  series of investigations,  I  obtained most unexpected results. 
Small wounds (2  to  5 ram.)  of the  rabbit's  heart  when  sutured,  heal 
rapidly  and well,  so that  the process of cicatrization  of the  wound is 
completed  in  about  14  days.  The  interrupted  suture  has  many 
advantages over the  continuous suture.  The former,  it  is true,  takes 
a somewhat longer time in its application than the latter, but it is more 
certain to hold.  If one stitch of a continuous suture should tear out, 
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disastrous results.  Besides, the interrupted suture does not compress 
so many bundles  of muscle fibres  as  does the  continuous (see Figs. 
3  and 4).  ~y  histological investigations have shown me that this is 
a distinct advantage, because all the muscle fibres that are compressed 
The broken  line  C  in  A  is  to  show  the  area within which  the 
muscle fibres are compressed  by the continuous  suture AB (Fig. 3). 
At represents  the  condition in the case of  the  interrupted  suture 
A /  B/(Fig.  3). 
by the ligature or suture eventually atrophy and are replaced by con. 
nective tissue. 
In very large wounds  (4  to  10  mm.)  of the heart in  rabbits,  the 
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bleeding is used and the suture rapidly applied, the animal will bleed 
to death in a few moments. 
FIG.  5. 
To  illustrate  the  Size  o~  the  Incision  made  in  Exp.  XXXVIII. 
Compare with this  Figs. 6 and 7. 
FIG,  6. 
Cut Surface of Iteart Two Months 
after Exp. XXXVIII.  (Light 
part of figure is  the 
scar tissue.) 
FIG.  7. 
Section of Iteart of Rabbit (Exp. XXXVIII). 
Incision is at right angle to that 
in last figure. 
I  have described, in Series I, the method by means of which a liga- 
ture may be tied around a part of the ventricles (p.  492,  and Fig. 1). 
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to make very large wounds in the ventricles of my animals by a true 
"bloodless  method."  Thus  in  a  number  of  experiments,  after the 
temporary  ]igature  had  been  applied,  a  small  scalpel  was  pushed 
through  the  whole thickness  of  the  heart,  perforating first the left 
ventricular wall,  then  the  septum,  then  the  right  ventricular  wall, 
and then made to  cut downward through  the  heart-muscle until  the 
FIG.  8. 
Rabbit's Heart,  Three Months after the Removal  of the Lower Third 
of the Ventricles.  (Experiment XXI.) 
knife emerged at the  apex  of the heart.  In this manner, the lower 
part of the heart was cut into two parts and both ventricular cavities 
opened.  On  account  of  the  provisional  ligature  applied  above  the 
highest  point  of  incision  there  was  no  h~emorrhage.  The  whole 
wound  about  2  cm.  long,  was closed by  interrupted sutures  of fine 
silk.  The  provisional  ligature  was  then  removed.  Of  the  6  ani- 502  Treatment  of  Wounds  of  Heart  by  Suture 
reals  thus  operated  on,  one died  of hsemorrhage  because,  during  the 
manipulations,  the ligature  slipped,  a  second animal  died from sepsis, 
the  remaining  four  recovered  and  remained  well  during  the  full 
period of observation (1 to 12 weeks).  (Experiments XXVI, XXVII, 
XXXI, XXXVIII,  XXXIX, XLII; see Figs.  5,  6 and 7.) 
In a  similar manner, the incision was made transversely to the axis 
of the  heart  extending  over  the  whole  wall  of  one  ventricle.  This 
large  gaping  wound  healed  and  the  animal  remained  well. 
In  another  series  of  animals,  a  tobacco-pouch  suture  was  applied 
around  the  heart,  so  that  one-fifth,  one-fourth,  one-third  and  even 
almost  one-half  of the  ventricles  was  below  the  ligature.  This  was 
then  drawn fast and knotted.  The  part  of the heart below the  liga- 
ture  was  then  cut  off  and  the  raw  surface  covered  over  by  a  sero- 
serosa suture.  A  number of animals thus operated on remained well 
(Fig.  8). 
In  like manner  one or both auricular  appendages  and,  with  them, 
parts of the auricles themselves could be tied off and cut away. 
And,  finally,  it must be mentioned  that in  not a  single  one  of all 
my experiments  did sudden  cardiac  arrest  occur. 
PART III. 
THE  HISTOIADGICAL  CHANGES  THAT  OCCUR  IN  THE  PROCESS  OF  HEALING 
OF  CARDIAC  WOUNDS. 
While the literature  concerning  the  histological  changes that  take 
place  in  the  healing  of  wounds  of  the  voluntary  muscles  is  large, 
that dealing with the healing of wounds of the heart is very small. 
Itisto]ogically, the  cardiac muscle is peculiar in  that  its fibres con- 
tain  transverse  striations  like  all  voluntary  muscles,  but  that  they 
are not controlled by the will.  The muscular  fibrillse have no sarco- 
lemma  and the fibres anastomose with each other,  so that the " whole 
heart  may  be  regarded  as  a  single  branching  muscle  fibre,  whose 
branches anastomose with each other." 
It  seems to be fairly certain  that  in  the  healing  of wounds of the 
voluntary  muscles,  a  regeneration  of  the  muscle  fibres  is  to  some 
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eventually  atrophy  and  are  replaced  by  connective  tissue,  but  some 
of them remain  as regular muscle fibres.  Authorities  differ as to the 
origin  of these new fibres.  While  Waldeyer,*  Weber,~  Itofmann,$ 
]~obert,§  ZenkerH  and  others  declare that  the  new fibres are derived 
from  the  spindle  cells  in  the  interflbrillar  connective  tissue,  other 
investigators  (Renaud,¶  Virchow,  Duplaix,**  etc.)  believe  that  the 
new fibres are derived from the  old ones. 
The  question  whether  a  regeneration  of  the  muscle  fibres  of the 
heart  ever takes  place,  is  one  concerning  which  there  is  also  great 
difference of opinion.  Heschlt~ believes that  he has frequently seen 
new muscle fibres in microscopic specimens from hypertrophic human 
hearts.  Goldenberg$$ declares that it is possible that in hypertrophy 
of the heart  "  new muscle fibres are formed by a longitudinal  division 
of the old fibres."  Tang],§§ on the contrary, denies that a regeneration 
o£ the heart-muscle fibres occurs.  He never found cells which he would 
acknowledge to be transitional  forms between a  connective-tissue  cell 
and a muscle-cell, and never saw an undoubted mitotic division of the 
nucleus of a muscle fibre. 
]3onomeHH  and  Berent¶¶  investigated  this  subject  experimentally 
on the rabbit's heart;  their  conclusions on this point agree with those 
of Tangl. 
The method in my examinations was the following:  Each animal 
was killed  by  a  sharp  blow  on  the  back  of its  neck,  the  heart  was 
quickly removed and  opened,  and  the  tissues fixed by immersion  for 
24 hours in a  10 per cent solution of formalin in water or in XVIiiller's 
fluid.  The  specimens  were  hardened  in  alcohol  of  increasing  con- 
* Waldeyer,  Virehow's Archiv,  xxxiv, 473. 
t  Weber,  ibid.,  xxxix;  210. 
Hofmann,  ibid.,  cl, 161. 
§  Robert,  Ziegler's Beitrage,  x,  109. 
l] Zenker,  Yerhandi.  d.  X.  Internat.  Congress.,  1890, if. 
~[ Renaud,  Gaz.  m~d.  de  Paris,  1877, p.  361. 
** Duplaix, Archives  de  reed.  g~n,., 1885. 
Ct Heschl,  Comp.  d.  path.  Anat.,  p.  176. 
:~:~ Goldenberg,  Virchow's  Archiv,  eiii,  88, 
§§ Tangl,  ibid.,  cxvi, 432. 
]]1[ Bonome,  Ziegler's Beit rage,  1889, v, 267. 
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centration,  embedded in celloidin,  sections cut,  and then  stained with 
hmmatoxylin  (De]afield),  Van  Gieson's  fluid,  Bismarck  brown,  car- 
mine,  and Weigert's fibrin stain. 
In  the  normal  heart-muscle of the  rabbit the longitudinal  is much 
more marked than  the transverse  striation.  The nuclei are long with 
rounded ends and  generally stain  strongly  with the  ordinary  staining 
dyes. 
Within  the first  24 hours  the whole wound area is infiltrated  with 
red  and  white  blood  cells;  there  is  fibrin  between  the  edges  of the 
FIG.  9. 
From. Wound of Rabbit's Heart  24  hours after  operation. 
between the lips of the wound;  beginning round- 
ceil infiltration.  X60. 
Fibrin 
wound and between the neighboring muscle fibres (see Fig.  9).  The 
interfibrillar  capillaries  are distended with blood.  In  a few instances 
a  well-marked  "fragmentation"  of  the  muscle  fibres  could  be  seen. 
After 48  hours the wound  area  is so thickly infiltrated  with  leuco- 
cytes that  it is often difficult to find the exact location of the wound. 
The  fibres that  are  compressed by the  sutures are undergoing  degen- 
eration,  as  is  shown  by  their  granular  aspect  and  by  the  fact  that 
their  nuclei  will  often  not  take  any  stain.  Around  the  sutures  the 
infiltration  of  small  round  cells  is  very  large.  The  nuclei  of  the 
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some seem to  be  undergoing amitotic  division.  In  the  degenerated 
muscle  fibres,  the  protoplasm  is  broken  up  and  collected  in  little 
masses.  Among these fibres I  have  occasionally seen nuclei under- 
going karyokinetic changes.  I  have never, however, been able to feel 
convinced that these nuclei did not belong to the interfibrillar stroma, 
er, perhaps,  to the capillary wall and not to the muscle fibre. 
:By the fourth day the  area  of operation is  still  thickly infiltrated 
with small  round  cells.  The  degenerated muscle fibres have begun 
to  disappear.  ~Tumerous  young  spindle  cells  can  now  be  found. 
Their shape and size vary considerably, and they are very frequently 
FIG.  10. 
To illustrate  the  Growth of the  young Spindle  Cells between the 
muscle fibres.  From the heart of the rabbit eight 
days after operation.  X60. 
encountered in and just under the pericardium and around the sutures. 
The  nuclei  in  some  of  these  cells  are  undergoing  mitotic  division. 
Around the sutures just under the pericardium are to be found some 
large giant cells with numerous nuclei. 
On the  6th  or  7th  day the  whole area  of the wound is  filled by 
these  spindle  cells;  they  have  replaced  all  the  degenerated  muscle 
fibres and have even penetrated in places between the uninjured ones. 
:By the 10th day the granulation tissue is beginning to change into 
fibrous  tissue,  the  spindle  cells  grow longer  and  thinner,  and  the 
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in  the neighborhood  of the sutures.  This new4ormed connective tis- 
sue  is  much  larger  in  amount  under  the  pericardium  than  near  the 
endocardium,  so that  one has  the  impression  of its  being derived for 
the most part from the  subepical'dial connective tissue. 
At the  expiration  of four weeks, the  who]e wound  is filled by the 
connective tissue, which extends for various distances into and between 
normal  muscle fibres.  This  connective tissue is especially prominent, 
as stated above, between and around the sutures.  In the heart whet% 
FIG.  11. 
Cross-Section of perforating Wound of Rabbit's Heart  three weeks 
after  operation.  P,  Epicardium;  M,  Myocardium; 
E,  Endocardium ;  F,  Fibrous Tissue of Scar. 
(Semi-diagrammatic.)  X40. 
without  previous  injury  to  the  organ,  a  continuous  suture  has  been 
passed, the whole area  of the line  of sutures is transformed  into  con- 
nective tissue,  so that  there  is a band  of fibrous tissue running  along 
the heart-wall  (Fig.  11). 
In  the  hearts  in  which  an  interrupted  suture  has  been  made,  the 
condition  is  entirely  different.  In  and  around  each  suture  there  is 
considerable  connective  tissue  formation,  but  between  each  of  two 
adjacent  sutures,  some normal muscle fibres remain.  Thus  in Fig.  3 Charles  A.  Elsberg  507 
transverse  section through  any part  of  the  line  of suture  AB would 
show connective tissue bands, while transverse  section through  any of 
spaces, E,  E r,  E pp, E prr, etc.  (Fig.  3,  A'B'),  would show that  in  this 
situation  the  muscle  fibres have  been  preserved,  iNear  and  around 
the sutures, F, F p, F rp, etc., the connective tissue would have replaced 
the muscle tissue. 
CONCLUSIONS. 
It  would,  of  course,  be  incorrect  to  attempt  to  draw  conclusions 
as to the dangers and the chances of success of suture of cardiac wounds 
in man  from the  results  obtained by animal  experimentation.  Ani- 
mals  are  placed  in  very  unfavorable  conditions  after  the  operation. 
They are very restless and cannot be kept quiet.  Ideal cleanliness is 
impossible  and  the  animals  may infect  their  wound  by rubbing  the 
external wound against the dirt on the floor of their cage.  From the 
animal mortality in these investigations no rigid inferences applicable 
to human beings can therefore be made. 
Some  conclusions  of importance  can,  however,  be drawn.  Above 
all,  my  experiments  seem  to  show  that  the  mammalian  heart  will 
bear a  much greater amount  of manipulation  than  has  hitherto  been 
suspected.  Very large wounds of the heart  can heal and the healing 
process  occurs  in  a  manner  entirely  analogous to  that  in  other mus- 
cular tissues.  Even  an  extensive  suture  of  the  heart~wall  of rabbits 
and dogs, although  we know that' thereby a  large  number  of muscle 
fibres are  destroyed and replaced by connective  tissue, does not inter- 
fere with the function of the cardiac nmscle as a whole. 
Can some of the results in the above recorded experiments be, with 
some restrictions of course, applied to the human heart?  I  think that 
this  question  must  be  answered  in  the  afi%mative.  If  we  com- 
pare  the  knowledge we possess of wounds  of the  heart in  man,  with 
that obtained from animal experiments,  and find that they agree in all 
essential particulars,  then we are justified in reasoning by analogy that 
suture of wounds of the heart in man will give results similar to those 
obtained in the  animal.  In the last few decades, the  advances made 
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and surgery--have  been due to a great extent to the generalization  of 
the  results  of  animal  experimentation.  To  the  careful  and  critical 
investigator~ the results obtained in the animal experiment have always 
been  of  the  greatest  value  in  indicating  to  him  the  possibility  of 
results to be obtained by similar procedures in  the human  body. 
From  the  study  of  wounds  of  the  heart  in  man,  and  from  the 
results  obtained  in  my  experiment%  this  conclusion  seems therefore 
justified:  wounds  of  the  heart  in  man,  when  all  other  means  have 
been tried and found wanting,  can  and ought to be closed by suture. 
The application  itself of the suture is devoid of the  one great  danger 
that was feared in  the past,  i.  e.  of sudden arrest of the  heart  during 
the manipulations incident  upon the application  of the sutures.  The 
number  of  sutures  should  be as  small  as  possible  so  as to  limit  the 
amount of connective tissue which will be formed;  for all the muscle 
fibres that  are compressed by the  sutures  eventually atrophy  and  are 
replaced  by  new-formed  connective  tissue.  It  is  probable  that  this 
connective  tissue  will not  lead  to  degenerative  changes in  the  heai~- 
muscle.  On the post-mortem table, fibrous plaques are often found in 
the otherwise normal human  heart.  In a number of the muscles of the 
body  fibrous  bands--tendinous  intersections  as  they  are  called--are 
normally found.  In the large number  of microscopic sections of the 
heart-muscle that  I  have examined,  I  could find no evidence of path- 
ological  changes  in  the  muscle  fibres  some  distance  from  the  scar. 
For  similar  reasons  the  suture  should  always be an  interrupted  one. 
We have shown that there are dangers and  disadvantages  in  the con- 
tinnous  suture both  on theoretical  grounds  and  in practical  use. 
The  sutures  should  be  passed  through  as  little  of  the  heart  sub- 
stance as possible; if they penetrate  the  epicardium  and  a  small part 
o~ the thickness of the heart-muscle it will generally be suificient. 
When the heart's action is not too rapid,  each suture should be tied 
during  a  diastolic  relaxation  of  the  part  under  treatment.  On  this 
point  we  have  not  yet  any  experience  in  man.  Cappelen,*  in  his 
patient,  tied  the  sutures  during  systole.  Rehn t  tied  them  in  his 
case  during  diastole.  Only  time  and  ~urther  experience  will  show 
* Cappelen,  loc.  cir. 
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how much  importance  is  to  be  attached  to this  point.  All that  can 
be said,  in  the present  state  of our knowledge,  is, that  on theoretical 
grounds and from animalexperimentation,  it must be considered safest 
to tie the sutures during diastole. 
On first sight,  it might appear difficult to apply sutures to an organ 
in  such  constant  motion  as  is  the  heart.  In  practice,  however,  the 
difficulties have been proven not to be so great as might appear. 
The heart may be grasped with a forceps and the needle and suture 
easily  passed.  It  is  no  more  difficult to  pass  and  tie  a  suture  in  a 
large dog than in a small rabbit.  I~ence we should infer that the dif- 
ficulties of this procedure in the human  heart,  are not so great,  a fact 
that has been borne out by the experience of those surgeons who have 
reported cases of heart-suture in man. 
The eases will always be few in which this extreme method of treat- 
ment--for  so we must style it--is necessary.  Indeed,  of the patients 
that  come  under  the  care  of  the  surgeon,  there  are  some who  will 
recover from even large heart wounds without any local treatment at 
all.  Cases have been recently reported by Conner, Brugnoli, Hamilton 
and  others,  where'  after  wounds  as  large  as  three  centimetres,  the 
hsemorrhage  ceased  spontaneously and  the  patients  recovered.  One 
cannot  say,  therefore,  that  wounds  larger  than  a  certain  size  must 
always be sutured.  Each case must be carefully considered by itself. 
When  we  examine  the  nine  cases  of  suture  of the  human  heart 
in man  (see pages 487  to 490)  we cannot  but hope for considerable 
success from  this  new  method  of  surgical  procedure.  Of  the  nine 
cases,  four reco.vered  entirely,  and  four died  of complications  refer- 
able to other organs--quite an encouraging record in a few eases. 
:Finally,  I  may  be  permitted  to  summarize  these  conclusions  as 
follows: 
1.  Suture  o~ a  wound of the heart as a final resort is an operation 
worthy of consideration  in  some cases and  often justifiable. 
2.  Suture  of wounds of the  heart  in  animals,  and  also  in  man,  is 
devoid bf the danger o~ sudden arrest of the heart,  due to the manipu- 
lation  of  the  heart  incident  to  the  procedure,  unless  Kroneeker's 
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3.  The suture should be an interrupted one of silk, applied in most 
cases so that the epieardium and superficial layers of the myoeardium 
should  be the  only  ones penetrated,  and  tied,  when  possible,  during 
diastole. 
4.  1X-o stated indications can be given as to the  cases that  are  oper- 
able or the time when the operation should be done.  Each case must 
be  considered  by itself for symptoms which  would  justify  operative 
interference. 
In conclusion, I  desire to take this occasion to state that through the 
kindness  of Dr.  J.  5Iiku]iez,  Professor of  Surgery  in  the  University 
of Breslau,  the  laboratory  of  the  Surgical  Clinic  was  placed  at  my 
disposal,  and  that  the  greater number  of my experiments  were made 
in that laboratory. 
PROTOCOLS  OF  EXPERIMENTS. 
I.  14-vi-'98.  Rabbit.  Weight  1480  gm.;  resp.  132;  pulse  240.  Ether  nar- 
cosis.  Median  incision  4  cm.  long.  Pectoralis  major  cut  near  its  insertion 
and  reflected  outwards.  Cartilages  of  4th  and  5th  ribs  cut  close  to  the 
left  border  of the  sternum  and  also turned  back,  together  with  the  muscles 
attached  to  them.  Triangularis  sterni  cut.  Internal  mammary  artery 
drawn  outwards.  Pleura  intact.  Bleeding  small.  Pericardium  exposed  on 
its  whole  anterior  surface.  Heart's  action  regular.  It  is  uninfluenced  by 
pressure  on the  heart  with  a  blunt  instrument  through  the  pericardial  sac. 
Pericardial  sac  now  sewn to  the  thoracic  muscles  around  the  edges  of  the 
wound,  and  then  opened  by  a  longitudinal  incision.  Heart's  action  still 
regular.  Light  pressure  on  heart  with  blunt  forceps  has  no  appreciable 
influence  on  heart's  action.  When  firmer pressure  is  made,  the  heart  lags 
behind for a  moment,  and  then  beats very rapidly.  The  action  of  the  heart 
seems  to  be  unaffected  by  pressure  on  the  auricles.  With  a  small  tensing 
needle  the  left  ventricular wall  is  punctured.  The next  systole  is  now  de- 
layed  for  a  moment,  then  follows a  short  period  of  irregular  contractions. 
The needle  is then  made to penetrate  the  cardiac  muscle deeper  and  deeper. 
As the  needle  penetrates  the  cndocardium  the  same  arhythmia  is  observed. 
The needle  is now withdrawn.  There is some hmmorrhage  for two minutes. 
The  heart  is  now punctured  several  times in  several  parts  of the  right  and 
left ventricles, the needle  penetrating  each  time into the cavity of the  heart. 
The  bleeding  from  all  these  punctures  is  small  and  soon  ceases.  Toilette 
of  the  pericardial  sac.  Ribs  bent  back  into  place.  The  cut  edge  of  the 
left  pectoralis  major  is  now  sewn  to  the  insertion  of  the  right  pectoral 
muscle.  Skin  closed  by  continuous  silk  suture.  Iodoform  collodium  dress- 
ing.  After the  operation  animal  is weak  on  its  front  legs,  probably  due  to 
the manner  in which it  was tied  down.  Heart's action,  as heard  with  steth- 
oscope,  weak  but  regular.  Loud  pericardial  friction  sound.  R.  120;  pulse 
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After one-half hour animal is running around and eats grass. 
15-vi-'98.  Animal seems to feel well; it runs around as if nothing had been 
done. 
17-vi-'98.  Pericardial  friction  sound  has  disappeared.  Heart's  action 
regular,  200  to the minute.  Resp. 68. 
19-vi-'98.  Skin  wound healed.  Animal well. 
26-vi-'98.  Animal seems to be well in every respect. 
27-vi-'98.  Killed.  Post-mortem  examination:  Skin  wound  clean  and 
healed; pericardial sac closed, adherent to heart over its greater part;  small 
abscess under fifth left rib.  On the surface of the heart, the points of punc- 
ture  can be  seen as small depressed spots. 
IL  15-vi-'98.  l~abbit.  Weight  1550  gin.;  pulse  180;  resp.  80.  Ether  nar- 
cosis. 
Incision as in Experiment  I.  3rd,  4th  and  5th  cartilages cut  close to  left 
border  of  sternum  and  reflected.  Internal  mammary  artery  was  torn  but 
caught  and  tied  without  much  loss  of  blood.  Pericardial  sac  sewn  to 
muscles in  usual manner  and  opened as in  last experiment.  Heart  is  now 
firmly  grasped  with  forceps  and  pulled  out  of  the  wound.  Delay  in  next 
systole, followed  by  irregular  heart's  action  for  one  minute;  then  regular 
but rapid contractions.  Animal is now made to inhale three drops of chloro- 
form.  Heart's action becomes very slow, about 60  to  the minute, then more 
rapid  as the chloroform is taken  away.  With a  small scalpel, the left vcn- 
trlcular  wall  is  punctured  during  its  diastole  (inhalation  of  chloroform). 
Immediately there  is  considerable  hmmorrhage, the  blood  squirting  about 
30  to  40  centimetres  high  at  each  systole.  There  is  no  diastolic  loss  of 
blood.  While the scalpel penetrated the pericardium and likewise the endo- 
cardium,  marked  irregularity  of  heart's  action.  Wound  tamponed  with 
gauze;  after  about  three  minutes,  tampon  removed  and  hmmorrhage  has 
ceased.  Animal  is  again  allowed  to  inhale  a  few  drops  of  chloroform. 
Heart's action at  once becomes very slow and after a  few beats ceases alto- 
gether.  Chloroform is  at  once  removed.  Animal cries  out  and  has  a  gen- 
eral convulsion.  Heart can be seen to be filled by dark blood.  Heart again 
begins to  beat,  slowly at first, then more rapidly,  and at  same time wound 
begins to bleed again.  H~emorrhage again ceases after tamponade.  Thorax 
wound then closed in  the usual manner.  Duration  of operation 38  minutes. 
After two hours, R.  60; P. 200.  Animal is eating grass. 
17-vi-'98.  Animal appears to be  well.  Skin wound firmly closed. 
19-vi-'98.  R.  68. 
26-vi-'98.  Animal perfectly well. 
27-vi-'98.  Killed  by  blow  on  back  of  neck.  Post-mortcm  examination 
shows that  pericardial  sac is closed and adherent to  thoracic wall  in  front. 
Parietal pericardium adherent to the visceral layer only at point of wound 
in  left  ventricular wall,  where  both  seem much  thickened.  Pleura  intact. 
Cardiac  wound firmly closed. 
III.  15-vi-'98.  l~abbit.  1400  gin.;.  R.  68;  P.  260.  Ether.  Operation~  in 
every  respect  like  Experiment  II,  except  that  wound  in  left  ventricle  is 
made  during the systole of the part.  Hmmorrhage is  much larger  than  in 
preceding experiment.  It is systolic in character but there seems to be also 
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some slight  diastolic  oozing  of  blood.  Same  irregularity  of  heart's  action 
as  in  previous  experiments.  Wound,  which  is  3  rata.  long,  in  transverse 
axis of heart, does not gape.  Pressure applied to it  by raeans of tampon  of 
gauze.  I-laeraorrhage  ceases  but  begins  anew  as  soon  as  the  gauze  is  re- 
moved.  Bleeding is very large; heart's action becomes slower and irregular, 
hmmorrhage less; heart finally stops in diastole.  Post-mortem examination: 
Wound 4  mra.  long in left ventricle, heart  chambers almost empty, marked 
anaemia, of  all the abdominal organs. 
IV.  15-vi-'98.  Rabbit.  1550  gin.;  R.  68;  P.  285.  Ether.  Usual  incision; 
4th,  5th  and  6th  cartilages  reflected.  Left  pleural  cavity  opened,  but  at 
once closed with  gauze tampon.  Pericardial  sac sewn to  muscles of thorax 
and  opened.  During  the  inhalation  of  a  few  drops  of  chloroform,  an  in- 
cision of  3 to  4 mra. in  length is made in the wall  of the left ventricle dur- 
ing  a  systole.  Strong  systolic bleeding,  lteart  is  at  once  drawn  forwards 
and  wound closed by  means of pressure with  anatomical forceps.  Five  in- 
terrupted  sutures applied.  These penetrate only the pericardium and super- 
ficial  layers  of  myocardiura.  Bleeding from needle  punctures is  small  and 
ceases as  soon  as  suture  is  tied.  Heart's  action  irregular  while  wound  is 
made and  sutured.  Thorax wound then closed in  the  usual manner.  It  is 
to  be  noted  that  the  compression of  the  edges  of  the  wound  in  the  heart 
with the forceps, had no appreciable influence on the character of the heart's 
action. 
17-vi-'98.  Animal eats  and  seems well. 
19-vi-'98.  Skin  wound  healed. 
29-vi'-98.  Wound healed.  Killed  in  usual manner. 
Post-raortera  examination:  Parietal  pericardium  adherent  to  visceral 
layer  over  large  part  of  surface  of  heart  and  considerably thickened  over 
situation of wound in heart muscle.  Wound in ventricular wall  firmly cica- 
trized and the scar seems somewhat depressed. 
V.  17-vi-'98.  Rabbit.  1940  gin.;  R.  60;  P.  280.  Ether.  Pericardial  sac 
exposed  and  opened  in  the  usual  manner.  During  a  diastole  of  the  ven- 
tricle,  incision 3  rata.  long in middle  of left wall,  and  not  perforating  into 
heart  cavity.  Heart's  action  remains  regular.  Haeraorrhage  is  large  and 
systolic.  Bleeding"  wound  clamped  by  means  of  artery  forceps.  Forceps 
tear  through  muscle  and  bleeding  again  ensues.  Wound  again  clamped. 
After  3  minutes  clamp  is  loosened  and  removed  and  bleeding  has  ceased. 
Wound is  seen to  be  lacerated  one,  measuring  about  6  rara.  in  its  longest 
diameter.  Animal seems very weak.  In  this experiment, while the  chloro- 
form was  given,  the  animal seemed to  have dyspncea  and  during  the  deep 
respiratory  movements, heart  was  partly  forced  out  of  wound  of  thorax 
and  hmmorrhage was greater than  at  any other  time. 
19-vi-'98.  Animal jumps around and eats grass. 
24-vi-'98.  Animal has just given birth to  five foetuses of  about 3  weeks of 
age. 
26-vi-'98.  R.  80.  External wound healed. 
10-vii-'98.  Well  in  every respect. 
30-vii-'98.  ls gaining weight rapidly. 
15-viii-'98.  Well. 
8-ix-'98.  Animal perfectly well. Charles  A.  Elsberg  513 
VI,  VII,  VIII.  Three  rabbits  weighing 1480, 1720, 1900 gin.  respectively. 
Ether anmsthesia. 
In these three animals, the pericardium was exposed but not opened.  By 
means'of a  needle, the heart muscle was injured by  punctures through the 
pericardial  sac  and  the heart  observed.  In  all  three animals, it  was  noted 
tha?~-no matter where the wound was made--as the pericardial sac became 
more and more filled by blood, the heart was pressed more and more firmly. 
against  the  anterior  wall  of  the  pericardial  sac  and  could  be  plainly  seen 
through  it.  Heart's  action  gradually  became irregular  and  slower  in  each 
experiment.  In VI, heart's action ceased in six minutes; in VII in fourteen 
minutes;  in  VIII,  in  sixteen minutes.  The  post-mortem conditions  in  the 
three  animals  were  almost  identical.  In  each  the  apex  of  the  heart  was 
found  firmly  pressed against  the  anterior wall  of  the  pericardial  sac;  the 
heart cavities of each animal were almost empty. 
IX.  17-vi-'98.  Rabbit.  1590 gm.;  P.  148;  R.  48.  Ether.  Internal  mam- 
mary artery injured and secured only after considerable hmmorrhage.  Dur- 
ing  this  procedure,  a  large  rent  was  made  in  the  left  pleura.  Thoracic 
wound at  once closed.  Animal remained very weak  for  several  days  after 
the experiment. 
28-vi.-'98.  Killed by blow on neck.  Large abscess in left pleural cavity. 
X.  17-vi-'98.  Rabbit,  medium  size.  R.  48;  P.  208.  Ether;  incision  and 
resection of 4th  and 5th ribs in usual manner.  Heart is  drawn upwards by 
means  of  a  forceps  and  during  diastole,  a  wound  2  ram.  long  is  made 
obliquely in  middle of right  ventricle.  Characteristic arhythmia  for  three 
minutes.  Itmmorrhage systolic.  Heart  is  allowed  to  drop  back  into  pcri- 
cardial  sac  and  wound  is  compressed with  gauze.  After  several  minutes 
bleeding  stops.  External  wound  closed  in  usual  manner  after  toilette  of 
pericardial  sac.  Respiration  60;  pulse  180.  After  one  hour  animal  jumps 
around in  its  cage  as  if nothing had  been done to  it. 
23-vi-'98.  Skin wound healed. 
26-vi-'98.  Well in every respect. 
28-vi-'98.  Killed.  Skin  wound  clean  and  firmly  healed.  Pericardium  ad- 
herent  to  heart  only  over  the  spot  where  the  right  ventricle  had  been 
wounded.  Other organs  normal. 
XI.  19-vi-'98.  Rabbit.  1870 gm., R. 88;  P.  224.  Ether.  Heart, exposed in 
usual  manner,  drawn  into  wound  and  firmly  compressed with  anatomical 
forceps;  heart  now  beats  very  irregularly.  It  is  then  Punctured  with  a 
scalpel, the blade passing through the wall of the left ventricle, septum and 
wall of right ventricle. 
Enormous  systolic  hmmorrhage,  and  some  oozing  during  each  diastole. 
Pericardial sac packed with gauze.  After three minutes gauze is  removed; 
hmmorrhage has ceased.  External wound closed in the usual manner.  Ani- 
mal  is  very  weak.  R.  92;  P.  240.  Died  three  hours  later.  Through  an 
error, the body of the animal was removed before a  post~mortem examina- 
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XIL  19-vi-'98.  Rabbit.  1200  gin.;  R.  68;  P.  240.  Under  ether,  heart  is 
exposed  in  usual  manner.  Right  auricle  punctured  at  its  middle  with  a 
"  teasing-needle."  As the needle is withdrawn, a  rent is made in the auricu- 
lar wall, and a  large hemorrhage  ensues.  Wound is at  once tamponed with 
gauze.  After 4 to  5 minutes tampon is removed; bleeding nas stopped.  Ex- 
ternal  wound  quickly  closed.  Animal  is  found  dead  in  its  cage  the  next 
morning.  Post-mortem  examination:  I)ericardial  sac  filled  with  clotted 
blood. 
XIII.  20~vi-'98.  Rabbit.  1480  gin.;  R.  52;  P.  192.  Ether.  Heart,  exposed 
in  usual  nmnner,  is  drawn  forwards  with  forceps,  and  seven  interrupted 
sutures of  fine  silk passed through  wall  of  left  ventricle.  The  sutures are 
2  ram.  apart  and  do  not  penetrate  into  the  heart  cavity.  During  the  pas- 
sage  of  the  needle,  characteristic  arhythmia.  Thorax  wound  closed. 
26-vi-'98.  Skin wound healed. 
10-vii.-'98.  Small abscess in  line  of wound opened.  It  does not  communi- 
cate  with  thoracic cavity. 
20-vii-'98.  Abscess cavity clean  and healed. 
22-vii-'98.  Killed.  There  is  a  small  abscess  of  deeper  layers  of  wall  of 
thorax,  extending  into  the  mediastinum  but  not  into  the  perieardial  sac. 
l'arietal  pericardium adherent  to  the  visceral layer  of  greater  part  of  an- 
terior  surface of  heart.  On  account of thickened pericardium, it  is  almost 
impossible to  see the exact line where the sutures had  been applied. 
XIV.  20-vi-'98.  Rabbit.  Weight  1400  gin.;  R.  52;  P.  248.  Continuous su- 
ture  of  seven  stitches  in  upper  part  of  right  ventricle.  Characteristic 
arhythmia.  During the  toilette  of the perieardial  sac,  animal awakes from 
the  anaesthesia, struggles violently,  and  both  pleurm  tear.  Heart's  action 
at  once becomes very slow,  and  stops after four beats. 
XV.  22-vi-'98.  Rabbit.  1840  gin.;  R,  56;  P.  124.  Ether.  Heart  exposed 
in  usual  manner.  Heart  is  drawn  forwards  with  mouse-tooth forceps  and 
one  fine  silk  suture  is  inserted  in  the  lower  part  of  the  wall  of  the  left 
ventricle.  By  means  of  this  thread,  heart  is  now  drawn  well  forward. 
When  lower  part  of  ventricles  is  compressed  with  forceps,  characteristic 
arhythmia  is  observed.  Through  the  pressure  of  the  mouse-tooth forceps, 
the cardiac muscle is injured over  the  lower part  of the septum ventrieulo- 
rum,  and  the  left  (?)  ventricular  cavity  is  opened.  A  tremendous systolic 
hmmorrhagc follows.  Wound is at once closed by three interrupted sutures. 
Toilette  of pericardial  sac.  External wound  closed. 
23-vi-'98.  Animal jumps  around and eats grass. 
10-vii-'98.  Well  in  every  respect. 
30-vii-'98.  Is  gaining in  weight,  now weighs 1920  gin. 
10-ix-'98.  Is perfectly well. 
XVI.  22-vi-'98.  Rabbit.  1715  gin.;  R.  48;  t ).  140.  Ether.  Four  inter- 
rupted  sutures through  upper  part  of wall  of right ventricle,  2  ram. apart, 
and  all  penetrating  into  ventricular  cavity.  Bleeding  from  needle-punc- 
tures is small.  Toilette  of pericardial  sac.  Thoracic wound closed in  usual 
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10-vii-'98.  External  wound healed  and  animal  gaining in  weight. 
2-viii-'98.  Killed.  Post-mortem  examination:  External  wound  healed. 
Small abscess under skin containing about  one  drop  of pus.  Parietal  peri- 
cardium  adherent  to  the  visceral  layer  only  over  the  situation  of  the  su- 
tures.  Surface of  heart has smooth normal appearance. 
XVII.  23-vi-'98.  Rabbit.  1000  gin.; R.  68; P. 184.  Ether.  Six interrupted 
silk  sutures  in  upper  part  of  wall  of  left  ventricle.  Suture  includes  only 
pericardium  and  superficial  layers  of  myocardium.  There  is  almost  no 
bleeding.  Characteristic  arhythmia  absent. 
10-vii-'98.  Wound healed. 
2-viii-'98.  Animal has increased in weight, now weighs 1400  gin. 
3-viii-'98.  Killed.  Fost-mortem:  External wound clean and healed.  Peri- 
cardial  sac  closed  and  adherent  to  visceral  pericardium of  greater  part  of 
anterior  surface of  heart.  Heart  muscle, on  section,  looks  normal. 
XVIII.  23-vi-'98.  Rabbit.  1920  gm.;  R.  100;  P.  220.  Ether.  Wound  3 
ram.  long and  3  ram.  deep  made cver the middle of the  septum of  the ven- 
tricles on the anterior surface of the heart.  Hmmorrhage systolic.  Wound 
closed by five fine silk  sutures.  External  wound closed in  usual manner. 
26-vi-'98.  Animal seems well. 
1-vii-'98.  Is  found  dead  in  its  cage.  Post-mortem  examination  shows 
large  abscess in  thoracic wall.  Wound in  heart-wall  firmly closed. 
XIX.  24-vi-'98.  Rabbit.  1580  gm.; R. 76; P.  200.  Ether.  Usual operation 
for  exposure  of  heart.  During  this  procedure,  the  internal  mammary  ar- 
tery  was  cut;  it  was  however  ligated  before  much  bleeding  had  occurred. 
One  suture in the  middle of  the wall  of the left  and another in the  middle 
of the wall  of the right ventricle.  Continuous suture of six stitches in  the 
lower part  of  the wall  of the  right auricle.  All  the  sutures penetrate into 
the heart  cavities.  The bleeding from the  needle-punctures is  small and  is 
immediately arrested when the suture is  drawn tight  and tied.  Heart's ac- 
tion rapid and irregular. 
26-vi-'98.  R.  92.  Animal appears to be well. 
10-vii-'98.  R.  92.  External wound healed. 
22-vii-'98.  Killed.  Wound  in  auricle  firmly  healed  and  parietal  pericar- 
dium adherent to it.  All  other organs normal. 
XX.  24-vi-'98.  Rabbit.  1380  gin.;  R.  88;  1  ).  200.  Ether.  Penetrating 
wound,  3  ram.  long  over  septum  of  the  ventricles.  Hmmorrhage  systolic. 
Four  interrupted  sutures.  A  second wound,  4  ram.  long,  is  made  in  apex 
of  the  heart,  penetrating  into  the  left  ventricle.  It  is  closed  by  four  in- 
terrupted  silk  sutures.  Heart's  action  rapid  but  strong. 
26-vi-'98.  Is  well.  R.  92. 
10-vii-'98.  Skin wound firmly healed.  R.  80. 
20-viii-'98.  Animal  is  gaining  in  weight.  .Now  weighs  1500  gm.  Killed. 
Wounds in  heart-muscle are  firmly cicatrized  and the  parietal  pericardium 
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XXI.  24-vi-'98.  Rabbit.  1600  gin.;  R.  68;  P.  200.  Ether.  Heart  exposed 
in  usual  manner.  A  tobacco-pouch  suture  is  applied  transversely  around 
the ventricles, so that  the lower third  of the ventricles is below  the suture. 
This is then drawn  tight and  tied.  The part  of the  ventricles that  is thus 
cut  off  from  the  rest  of  the  heart  continues to  contract,  but  one  has  the 
impression that  each contraction lags behind  a  moment.  The action  of the 
whole  heart  remains good.  The portion  of  the  ventricles below  the  suture 
is  then  excised  and  the  pericardium  united  over  the  cut  surface.  Heart's 
action  remains  good  and  there  is  no  bleeding.  Toilette  of  the  pericardial 
sac.  External wound dosed in usual manner. 
25-vi-'98.  Animal seems to  be  well. 
30-vi-'98.  External wound healed. 
10-viii-'98.  Now weighs 1800  gin. 
10-ix-'98.  Is perfectly well. 
20-ix-'98.  Killed. 
XXII.  25-vi-'98.  tlabbit.  1410  gin.; R.  100;  P. 280.  Ether.  A  penetrating 
wound,  one centimetre long, is made in the wall  of the right ventricle dur- 
ing a  diastole.  A  tremendous hmmorrhage follows which cannot be  totally 
controlled  by  compression of  lips  of  wound  with  artery  forceps..  Five  in- 
terrupted  sutures  of  silk  close  the  wound  and  control  the  bleeding.  Sev- 
eral  of these sutures, having been tied  during systole, tear out through  the 
muscle.  Fresh sutures are passed and these are tied during diastole.  Every 
one of these holds. 
26-vi-'98.  Very  weak  and  will  not  eat. 
27-vi-'98.  Found  dead  in  its  cage.  Yost-mortem  examination:  Pericar- 
dial  sac  filled  with  clotted  blood.  The  lower  two  sutures in  heart-muscle, 
having been applied and tied during a  systole, have torn through the muscle 
and the  animal has gradually bled to death. 
XXIII.  25-vi-'98.  Rabbit.  1510 gin.  Ether.  Incision one-half centimetre 
long in  wall  of  right  ventricle near  septum.  Closed by  continuous suture, 
each  stitch  of  which  is  drawn  tight  during  a  systolic  contraction  of  the 
ventricles.  Several of  the  stitches tear through  the heart-muscle and enor- 
mous hmmorrhage  ensues.  Heart's action becomes very slow and irregular 
and  soon stops. 
XXIV.  27-vi-'98.  Rabbit.  1750  gin.;  R.  48;  P.  220.  Ether  anmsthesia.  A 
continuous suture was  applied  to  the  wall  of  the  left  ventricle,  beginning 
at  the  base  and  extending  to  the  apex  of  the  ventricle,  and  the  suture  is 
there  continued  along  the  wall  of  the  right  ventricle  from  apex  to  base. 
Sixteen  stitches passed,  some  of  which  penetrate  into  heart  cavity,  others 
pass  through  the  pericardium  and  superficial layers  of  myocardium  only. 
The  bleeding  from  the  superficial  needle  punctures  is  much  smaller  than 
that  from  the  penetrating punctures.  Characteristic  arhythmia  each  time 
the needle is passed.  Several of the stitches tear out of the muscle and have 
to  be  applied  a  second time. 
28-vi-'98.  Animal appears to  be  well. 
10-vii-'98.  Animal has  been  perfectly  well.  Skin  wound firmly  healed. Charles A.  Elsberg  517 
10-ix-'98.  Animal has been steadily gaining in weight.  Killed by blow on 
neck.  Post-mortem examination  shows that  heart's  surface is  smooth  and 
free, except along line of suture where visceral pericardium is considerably 
thickened. 
XXV.  27-vi=~98.  Rabbit.  1570 gm.;  R.  64;  P.  204.  Ether  anmsthesia. 
Right and  left  appendix auriculm  tied  off and  cut  off.  Toilette of pericar- 
dial  sac. 
28-vi-'98.  R.  64;  P. 220. 
10-vii-'98.  Seems perfectly well. 
29-vii-'98.  Animal looks sick. 
30-vii-'98.  Died.  At  the post-mortem examination the heart  wounds  can- 
not be found, the pericardium is very much thickened over the whole heart. 
Macroscopically and microscopically heart-muscle is normal.  Marked hepa- 
tic  coccidiosis. 
XXVI.  27-vi-'98.  Rabbit.  1840 gin.;  R.  64;  P.  200.  Ether.  A  temporary 
ligature tied transversely around ventricles so as to include about one-third 
of  the ventricles below the ligature.  A  small  scalpel is then  made  to pass 
through  the  whole  thickness of  the  heart  below the  ligatures,  thus  pene- 
trating the wall of left ventricle, the septum between the ventricles and the 
wall of the right ventricle.  The scalpel is then made to cut downwards to- 
ward  the  apex  and  through it,  so  that this  lower  part  of  the  heart  is  di= 
vided into two and both ventricular cavities opened.  On account of the pro- 
visional ligature, there is no bleeding.  The wound, about one centimetre in 
length is closed by eight interrupted sutures.  Provisional ligature then re- 
moved.  There  is  no  bleeding.  Toilette  of  pericardial  sac.  Suture  of  ex= 
ternal wound. 
10-vii='98.  External wound healed.  Animal is well in  all  respects. 
20-ix-'98.  Now weighs 2020 gin.  Killed.  Post-mortem examination shows 
that  heart  wound  is  firmly  healed  and  parietal  pericardium  is  adherent 
over it. 
XXVII.  27-vi-'98.  Rabbit.  2000 gin.  Same  operation  as  in  Experiment 
XXVL 
10-vii-'98.  External  wound  healed.  Animal  well. 
20=vii-'98.  Is losing in weight and looks badly. 
29-vii-'98.  Found  dead  in  its  eage.  Large  abscess  in  mediastinum.  It 
does not eommunicate with heart wound, which latter is firmly cicatrized. 
XXVIII.  30-vi-'98.  Rabbit.  2160  gin.  Same  operation  as  Experiment 
XXL  After operation animal  was very weak  and  died forty hours later. 
XXIX,  30-vi-'98.  Rabbit.  2440 gm.; R.  64;  P.  220.  Ether.  Wound 6 ram. 
long,  penetrating left ventricle.  Systolic h~emorrhage.  Wound  closed rap- 
idly  by  four  interrupted  sutures.  Another  wound  3  mm.  long  and  pene- 
trating  into  cavity  of  right  ventricle  made  and  elosed  with  two  sutures. 
Right appendix aurieulm tied  off and  eut  off below ligature. 
8-vii-'98.  External  wound  healed.  Animal  well. 
5-viii-'98.  Is gaining in weight. 
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XXX.  Rabbit.  1450  gin.  Same  operation  as in  Experiment  XXI  except 
that  somewhat more than one-third of ventricles was excised.  Animal very 
weak  and  died eighteen hours after the  experiment. 
XXXI.  7-vii-'98.  Rabbit.  2050  gm.  Same  operation  as  in  Experiment 
XXVI.  Eight  sutures  applied  superficially  in  the  usual  manner.  There 
is no bleeding, and heart's action remains strong and good. 
21-vii-'98.  Animal has remained well.  Killed.  Heart  wound healed.  Sear 
is broad and thin and bulges a  little. 
XXXII.  8-vii-'98.  Rabbit.  2230  gin.  Operation  in  all  respects similar to 
Experiment  XXIV.  During  the  manipulations several  of  the  stitches tore 
out  and  animal  lost  considerable  blood.  It  remained  very  weak  and  died 
ten hours later. 
XXXIII.  8-vii-'9S.  Rabbit.  2450  gin.;  R.  64;  P.  220.  Operation  as in  Ex- 
periment  XXIV,  except that  the continuous suture consisted of  24  stitches. 
10-viii-'98.  Is well;  external wound healed. 
10-ix-'98.  Well and gaining in weight. 
XXXIV.  11-vii-'98.  Rabbit.  1850  gin.  The  same  method  of  operation  as 
in  Experiment  XXI  except  that  only  one-fourth  of  the  ventricles  is  ex- 
cised.  This animal remained well and at the expiration of seven days, when 
the  skin wound was healed,  it was killed  and  the heart  removed for micro- 
scopical examination. 
XXXV.  12-vii-'98.  Rabbit.  1300  gin.  Operation  similar  to  Experiment 
XXI. 
10-ix-'98.  Animal has remained well  and  is gaining in weight. 
XXXVI.  13-vii-'98.  l~abbit.  1200  gin.  Ether.  Appendix  aurieulm  and 
about one-fourth of the left auricle tied  off by a  ligature  thrown  around it 
and cut off. 
10-ix-'98.  Animal has remained well. 
XXXVII.  13-vii-'98.  Rabbit.  1200  gin.  Operation as in Experiment XXI. 
Killed  after  four  days  for  microscopical  study of  heart. 
XXX¥III  and  XXXIX.  18-vii-'98.  Weight of  each  rabbit  1100  grammes. 
Each  operation as in  Experiment  XXVI  with  similar observations made  as 
in  that  experiment. 
10-ix-'98.  t~oth animals have remained well and have gained in weight. 
XL.  20-vii-'98.  Rabbit.  2000  gun.  Operation  as  in  Experiment  XXI. 
20-viii-'98.  Is  well  and  gaining in weight. 
XLI.  20-vii-'98.  Rabbit.  1500  gin.  Same  operation  as  in  XXIV  except 
that  a  part  of both auricles was included in the  continuous suture. 
15-viii-'98.  Skin wound healed and animal seems to  he well. 
20-ix-'98.  Killed.  tIeart  surface  smooth.  No  adhesions  between  parle- 
tal  and  visceral layers of  pericardium. Charles  A.  Elsberg  519 
XLIL  20-vii-'98.  Rabbit.  1850 gm.  Operation  as  in  Experiment  XXYL 
The  provisional ligature  slipped,  an  enormous  hmmorrhage ensued,  which 
caused the death  of the animal in a  few moments. 
XLIII  to  XLIX.  In  these  experiments,  wounds  as  in  XXI,  XXIV  and 
XXVI  were  made  and  the  animals  killed in  one  to  seven  days  for  histo- 
logical  purposes. 
L.  Medium-sized  dog.  Morphine  and  ether.  During  the  manipulations 
incident  on  exposure  of  the  pericardial  sac,  but  pleurse  were  opened  and 
before artificial respiration could be begun, the heart stopped beating. 
LI.  Medium-sized  dog.  Morphine,  gr.  1~.  Ether  anmsthesia.  Traeheo- 
tomy  performed  and  cannula  inserted  into  trachea  and  made  ready  for 
connection with apparatus for artificial respiration.  Fourth, fifth and sixth 
ribs exposed by  longitudinal ineision along left border  of  sternum.  About 
ll/z inches of each of these ribs excised.  Left pleura incised and pericardial 
sac quickly grasped and drawn up into wound.  It was then sutured to the 
muscles around the edges of the thoracic wound and opened by alongitudi- 
nal  incision.  The  heart was then manipulated in  a  manner similar to  that 
described for the rabbit's heart.  It was grasped with a  forceps, punctured 
with needles, a  ligature  thrown around the lower portion of  the ventricles 
and  tied tightly, etc.  The results obtained were analogous to those in  rab- 
bits.  The  same  arhythmia of  the  heart,  the  same  irritability  of  the  peri- 
cardium and endocardium was present.  Hmmorrhage from the needle punc- 
tures was  less  than in the rabbits.  When the pericardium alone was pene- 
trated,  there  was no  bleeding at  all.  When  the needle was  made to  pene- 
trate  into  the  ventricular  cavity,  the  hmmorrhage  was  somewhat  larger 
but  ceased  quickly.  The  right  ventricular  wall  was  punctured  with  the 
needle; the  bleeding was larger than  on the left  side but also  soon ceased. 
A  continuous  suture  from base  to  apex of  right  ventricle was  made.  The 
application of the suturewas  easier  than  in  the  smaller animals.  Toilette 
of the pericardial sac, after which the latter was closed by  continuous silk 
suture,  and the muscles and  skin sutured.  Tracheotomy wound closed and 
iodoform collodion dressing applied to both wounds. 
Two  hours  later  the  dog,  though  still  under  the  influence  of  the  mor- 
phine, was  attempting to  run  around.  The  animal  was  found  dead in  his 
cage  next  morning,  ten  hours  after  operation.  Post-mortem  examination 
showed that from some cause, perhaps the restlessness of the animal,  both 
pleurm had been torn and both pleural  cavities contained a  small  quantity 
of bloody  serum. 
LII.  Large  Dog.  Heart  exposed in  the  same  manner  as  in  Experiment 
LI.  A  wound  1.5  centimeters  long,  penetrating  into  the  left  ventricular 
cavity  was  made.  An  enormous  hmmorrhage  ensued.  The  wound  was 
closed by pressure with artery forceps.  The  edges of the wound were then 
united by means of two  deep, buried,  and  two  superficially placed sutures. 
All  the  sutures  were  tied  during  systole.  Pericardial  sac  and  external 
wound closed as in LI.  Death eight hours later.  Post-mortem examination 
shows  wound  1.5  ctm.  in  left  ventricular  wall  to  be  firmly  closed.  Left 520  Treatment  of  Wounds  of  Heart  by  Suture 
pleural  cavity  half-filled  with  fluid  blood.  When  the  superficial  sutures 
were  cut  and  the  deeper  parts  of  the  heart-wound  were  examined,  the 
buried  sutures  were  found  to  have  partially  torn  out  through  the  heart- 
muscle. 
LIII.  Medium-sized Dog.  Heart  exposed by  a  procedure  similar  to  that 
of Experiments LI and LII.  Interrupted sutures were applied to numerous 
points  on  both  ventrieular  walls  in  order  to  investigate  the  best  method 
of applying and tying the sutures.  Suture  through whole thickness of left 
wall  near base.  This  suture  tears  out  at  once,  and  necessitates the  appli- 
cations  of  two  superficial  sutures  penetrating  only  the  pericardium  and 
superficial  layers  of  myocardium.  These  hold.  Three  sutures  passed 
through  left  ventricu]ar  wall  and  three  through  right  ventricular  wall, 
Two  of the  sutures  on  each  side  (a,  b)  tied  during systole, the  remaining 
one  (c)  during  diastolic relaxation  of the  ventricles.  Of  these,  two  of  the 
former  (a,  b)  tear  through  the  heart-muscle.  Two  sutures  applied  to  re- 
place  these  and  tied  in  diastole;  they  hold.  Pericardial  layer  incised  for 
about  two  centimetres.  The  bleeding  is  considerable at  first  but  ceases 
after compression with gauze.  An attempt was made to observe the effects 
of  heart  talnponade.  An  incision  1 cm.  long was  made  in  the  wall  of  the 
right  ventricle  and  the  opening  in  the  pericardial  sac  rapidly  closed  by 
means of artery forceps.  The bleeding was so great,  however, that the sac 
burst in its lower and posterior part and the animal died in a  few moments 
from the  blood that  escaped into the left pleural  cavity. 
Six  experiments on  rabbits,  in  which  observations  on  the  physiological 
irritability  of  the  heart-muscle  were  made  are  not  described  in  order  to 
save repetition of what has  been detailed in  Part  II,  Series I,  page 491. 